Introduction The incidence of inflammatory bowel disease (IBD) among US Hispanics is rising. Adoption of an American diet and/or US acculturation may help explain this rise. Aims To measure changes in diet occurring with immigration to the USA in IBD patients and controls, and to compare US acculturation between Hispanics with versus without IBD. Last, we examine the current diet of Hispanics with IBD compared to the diet of Hispanic controls. Methods This was a cross-sectional study of Hispanic immigrants with and without IBD. Participants were recruited from a university-based GI clinic. All participants completed an abbreviated version of the Stephenson Multi-Group Acculturation Scale and a 24-h diet recall (the ASA-24). Diet quality was calculated using the Healthy Eating Index (HEI-2010). Results We included 58 participants: 29 controls and 29 IBD patients. Most participants were Cuban or Colombian. Most participants, particularly those with IBD, reported changing their diet after immigration (72% of IBD and 57% of controls). IBD participants and controls scored similarly on US and Hispanic acculturation measures. IBD patients and controls scored equally poorly on the HEI-2010, although they differed on specific measures of poor intake. IBD patients reported a higher intake of refined grains and lower consumption of fruits, whereas controls reported higher intake of empty calories (derived from fat and alcohol). Conclusion The majority of Hispanics change their diet upon immigration to the USA and eat poorly irrespective of the presence of IBD. Future studies should examine gene-diet interactions to better understand underlying causes of IBD in Hispanics.
Introduction
Inflammatory bowel disease (IBD) is a chronic immunemediated disease that affects approximately 1 million people in the USA and is on the rise globally [1, 2] . Studies examining the incidence of IBD indicate that immigrants arriving to countries where IBD has a high prevalence adopt a similar prevalence as that of the native population [3, 4] . This "immigrant effect" is observed primarily in immigrants moving to Westernized countries [3] . Similarly, the incidence of IBD is rising among Hispanics migrating to the USA compared to those remaining in Latin America [5] . In our previous study, we observed that, within one USborn generation, Hispanics resembled the IBD phenotype of White Americans [5] . These rapid shifts observed in IBD prevalence and presentation among immigrant groups coming to the USA support the strong role of the environment in IBD [5] [6] [7] . Therefore, the study of lifestyle changes that occur with acculturation among Hispanic immigrants represents a natural experiment to identify novel contributors to the rising prevalence of IBD.
Epidemiologic studies suggest that diet plays a role in the development of IBD. Diets high in animal protein, particularly red meats, and low in fruits and vegetables are characteristic of a "Western" diet and are associated with IBD in large prospective datasets [8, 9] . We hypothesize that dietary acculturation to a Western diet pattern is likely a major contributor to the development of IBD among Hispanic immigrants. Acculturation to US cultural norms, including dietary acculturation, is a major determinant of certain chronic diseases among Hispanic immigrants. Several studies, including the Hispanic HANES, the NHANES III, and the Study of Latinos/Hispanic Community Health Study, indicate that hypertension, metabolic disease, obesity, and cardiovascular disease are associated with higher levels of acculturation to US culture among Hispanics [8, 9] . However, the acculturation instruments used in many epidemiological datasets are based on a unidimensional framework where Hispanic and US cultural endorsement are cast as opposing ends of a single dimension [10] . Validated measures of acculturation are more likely to assess Hispanic and US cultural influences separately, an approach that is more consistent with state-of-the-art acculturation models [11] . A study examining acculturation in Hispanics with IBD, using constructvalid measures of acculturation, could help us understand the social determinants and contributors to the rise of IBD in this large and growing demographic group.
In the present study, we sought to determine the extent to which (a) Hispanics change their diet after US immigration compared to Hispanics without IBD; (b) acculturation, including dietary acculturation, differs between Hispanics with versus without IBD; and (c) diet quality, a method of nutritional assessment that evaluates dietary adherence to the Dietary Guidelines for Americans, differs between Hispanics with versus without IBD [12] . Our study is the first to evaluate dietary adjustment occurring in Hispanics with IBD and the first to examine acculturation-related variables among Hispanic IBD patients and controls.
Methods

Study Design and Population
This study was conducted at the University of Miami Miller School of Medicine. We conducted a cross-sectional study on Hispanic immigrants. Healthy controls and IBD patients were recruited from the university's GI clinic. IBD patients were followed at a tertiary referral center or at a public hospital safety net GI clinic. Healthy controls were also recruited from the GI clinic and were either clinic staff or relatives of patients who did not live in the same household and who met the study inclusion criteria.
IBD patients were included if they were adults (≥ 18 years of age), self-reported as Hispanic, were born in Latin America, and developed IBD symptoms after arriving in the US. All IBD patients were followed at GI clinics in South Florida, and their IBD was confirmed using endoscopic, histologic, and radiologic examinations. In addition, we included only patients who reported no changes in their diet or GI symptoms in the week prior to assessment. Healthy controls were included in the study if they were adults (≥ 18 years of age), self-reported as Hispanic, were born in Latin America, and reported not having any GI diseases or symptoms at the time of assessment.
Participant demographics, including gender, year of immigration, age at immigration, duration of residence in the USA, education level, and marital status were assessed as part of our survey instrument. Information regarding IBD type (Crohn's versus ulcerative colitis), current medications, luminal disease location using Montreal Classification (proctitis, pancolitis, etc.), as well as history of abdominal surgeries was obtained at the time of dietary and acculturation data collection in IBD patients. This information was obtained from the electronic medical record at the time of the clinic visit. The study was approved by the Institutional Review Board at the University of Miami.
Measurement of Acculturation
An abbreviated 10-item version of the Stephenson MultiGroup Acculturation Scale (SMAS) was used to assess acculturation. Cronbach's alphas for scores on the abbreviated SMAS were .77 for Hispanic behaviors and .81 for US behaviors. The SMAS was used because it includes separate subscales for Hispanic and US cultural practices-which is consistent with recommendations from leaders in the field of acculturation science [10] . The SMAS was administered by our research coordinators in each participant's preferred language (English or Spanish). The abbreviated SMAS consists of five items assessing Hispanic behaviors and five items assessing US behaviors. Participants answered each item using a scale ranging from 0 (mostly disagree) to 4 (mostly agree).
We used scale midpoint splits to classify participants into acculturation categories [11] . As per Berry, participants were grouped as bicultural if they scored above a mean response of 2 on both the Hispanic and US scales, primarily Hispanic if they scored higher in the Hispanic domain only (Hispanic mean score ≥ 2, US mean score < 2), and primarily American if they scored higher in the American domain only (US mean score ≥ 2, Hispanic mean score < 2) [10] . Participants scoring below 2 on both the US and Hispanic scales would be classified as marginalized, though this category tends to be extremely small or nonexistent in most immigrant samples [10, 11] .
In addition, participants were asked whether they had changed their diet since immigration. This section included the following question: "has your diet changed since immigration to the US and not as a result of illness including gastrointestinal symptoms"; all IBD patients included developed IBD after immigration to the USA.
Dietary Assessment
Dietary intake data were collected and analyzed using the Automated Self-Administered 24-h (ASA-24) Dietary Assessment Tool, version 2014, developed by the National Cancer Institute [13] . This dietary recall is validated in English and Spanish and is designed to allow participants to complete the questionnaires on their own. A bilingual research coordinator provided participants with laptops and provided instructions for completing the ASA-24. A research coordinator was available on site to answer participants' questions or concerns. Most participants completed all of the questionnaires, including the dietary recall, in one sitting. Patients who did not complete the dietary recall on the day of their clinic visit were asked to provide a date and time to complete the questionnaire by telephone. Four patients were called for follow-up, whereas the remainder completed all measures in a single sitting.
This dietary assessment uses a modified version of the USDA's Automated Multiple-Pass Method [14] . A total of 67 nutrients and 37 food groups are included in the analysis reports of the ASA-24 recall. Participants provide data on nutrients such as protein, fat, carbohydrates, vitamins, minerals, and fatty acids and on individual food items such as beans and peas, cheese, and pork. Dietary components measured included total daily energy intake (in kilocalories), macronutrients, and micronutrients. Macro-and micronutrients were adjusted for total energy intake.
Diet Quality Assessment
Dietary quality was derived using a validated score, the Healthy Eating Index [15] . Diet quality served as our primary index of nutritional assessment because it allows for categorization of diets according to the extent to which they conform to the Dietary Guidelines for Americans [12] . A HEI-2010 score for each participant was calculated using DHQ II Diet*Calc output using the SAS program. The HEI includes twelve components: total fruit, whole fruit, total vegetables, greens and beans, whole grains, dairy, total protein foods, seafood and plant proteins, fatty acids, refined grains, sodium, and empty calories. The index is used to assess adherence to dietary guidelines released in 2010 [16] . The food group standards are based on the recommendations from MyPyramid [17] and are expressed as a percent of kilojoules (kJ) or per 4184 kJ (or 1000 calories). The HEI is a continuous measure, with 100 being the highest possible composite score for the 12 components and reflecting the best dietary quality (Table 4) [15] . We classified the HEI scores into tertiles, such that a score greater than 80 implicates a "good" eating pattern, a score between 51 and 80 "needs improvement," and a score of less than 51 represents a "poor" diet. A high score in each individual question indicates greater adherence to dietary recommendations (Table 4) .
Statistical Analysis
Statistical analyses were conducted using SPSS version 22 (SPSS Inc., Chicago, IL). SAS version 9.3 was used to calculate Healthy Eating Index scores. We used Chi-square and independent-samples t-tests to compare demographic variables between IBD participants and controls. Independentsamples t-tests were used to compare acculturation scores between IBD participants and controls. Categorical acculturation variables (bicultural, Hispanic, American, and marginalized) were analyzed using Chi-square tests.
Results
Demographic Characteristics of Hispanic IBD Patients and Controls
Several demographic factors were compared between IBD patients and controls. Demographic variables, including age at time of interview, gender, marital status, country of birth, and age at immigration, were not significantly different between IBD patients and controls (Table 1) . IBD patients had lived in the USA for an average of 25.5 years (SD 13.5), and healthy controls had lived in the USA for an average of 31.7 years (SD 18.3). Significantly more controls than IBD patients had at least a college education (93.1 vs. 62.1%, χ 2 (1, N = 58) = 8.03, p < .01). On average, both IBD patients and controls were overweight, BMI M = 27.2, SD 4.6 and M = 25.7, SD 4.8, respectively, t(55) = .15, d = .30, p = .26).
IBD patients and controls had immigrated from nine different Latin American countries (see Fig. 1 ). Nearly half (41.4%) of IBD patients were born in Cuba, followed by Colombia (13.8%), and Puerto Rico (13.8%). A similar distribution of countries of origin was observed among controls (57.1% Cubans and 28.6% Colombians).
IBD Phenotype in IBD Participants
Within the IBD group, 12 patients had Crohn's disease and 17 patients had ulcerative colitis. The majority of patients with Crohn's disease had ileocolonic disease (66.7%) followed by ileal disease (33.3%). About half of ulcerative colitis patients had pancolitis (52.9%); see Table 2 . No prior surgeries were recorded in either UC or CD patients. A similar number of patients with UC and CD were on biologics (anti-TNFs or anti-integrins) (see Table 2 ). No patients were on oral prednisone ( Table 2 ). All IBD patients had mild disease activity (17 UC patients with mean average Mayo endoscopic score of 1.38 and 12 Crohn's disease patients with average SES-CD score of 5) with all patients having available endoscopy for grading of inflammation.
Changes in Diet Occurring After Immigration
Most patients and controls reported changing their diet after immigration (Table 3) . However, a greater proportion of IBD patients (72.4%) reported changing their diet following immigration compared to controls (57.1%), but this proportional difference did not achieve statistical significance (χ 2 (1, N = 57) = 1.46, p = .23). IBD patients who reported changing their diet after immigration indicated that they did not have active GI symptoms at the time of immigration.
Diet Quality in IBD Cases and Controls
HEI indexes the participant's diet in terms of adherence to Federal dietary guidance. The total mean HEI score was similar between IBD patients and controls and was within the "needs improvement" range (M = 53.8, SD 13.9 and No patients in our study received a total HEI score greater than 80, which is considered an optimal diet. When examining individual HEI food items, we found that IBD patients reported lower intake across all items, particularly total fruit, whole fruit, and total dairy, compared to controls. It is important to note that high HEI scores for sodium, refined grain, and empty calories indicate lower consumption of these food items and therefore adherence to recommended intake. In these food groups, there was a trend for IBD patients to report higher than recommended intake of sodium reflected in lower mean scores (M = 2.0 SD 2.6 in IBD and M = 3.5, SD 3.1 in controls, t(55) = − 1.9, p = .06, d = .52). Similarly, a higher intake of refined grains, and therefore lower mean scores, was observed in IBD patients (M = 5.5, SD 3.8 in IBD and M = 7.6, SD 3.3, t(55) = − 2.2, p = .03, d = .59) compared to controls. However, IBD patients scored more favorably in recommended consumption of empty calories, i.e., they consumed less of these food items (alcohol, solid fats, and added sugars), (M = 17.5, SD 3.9 in IBD compared to M = 13.2, SD 5.2 in controls, t(55) = 3.56, p < .01, d = .93). Both IBD cases and controls reported lower than recommended consumption of total vegetables, legumes, whole grains, and sea plant protein (Table 4) .
Acculturation in IBD Patients Compared to Controls
Global Acculturation
When categorizing our patients into bicultural, American, Hispanic, or marginalized, the majority of our patients were classified as bicultural: 17 (58.6%) of IBD participants compared to 21 (72.4%) of controls, χ 2 (3, N = 58) = 3.31, p = .35 (Table 3) . Individual items examining social and language components for US and Hispanic acculturation did not differ between IBD participants and controls (Table 3) IBD patients scored higher on the SMAS dietary American acculturation items, but this difference was not statistically significant (Table 3 
Discussion
This is the first study to examine acculturation and diet among Hispanic immigrant patients living with IBD in the USA. It is essential to identify influential dietary and cultural practices that could explain the rising incidence of IBD in US immigrant and minority groups. We found no differences in US acculturation, including dietary acculturation, between Hispanics with and without IBD. In fact, both IBD and control participants were mostly bicultural, likely as a result of extended US residence (mean years in the USA was 28.6). In this study, we found that most Hispanics changed their diet following US immigration, with IBD patients most likely to report changes (72% vs. 57%). Additionally, we found similar poor eating behaviors, as measured using the Healthy Eating Index, in both IBD patients and controls. Given our findings, we conclude that dietary changes and adoption of US behaviors, on their own, do not explain the rise in IBD among Hispanic immigrants.
More than half of all participants, including both IBD patients and controls, reported changing their diet after immigration and not as a result of new diseases or financial constraints. A greater percentage of the IBD patients changed their diet and stated that they did so prior to developing any illness, although this difference did not reach statistical significance. This finding supports the notion that Western dietary acculturation on its own may not fully explain the rise of IBD among Hispanics. We have recently examined the genetic underpinnings of IBD in Hispanics and found that their genetic load is similar to non-Hispanic whites, suggesting that differences in incidence of IBD also do not rest in genetics alone [18] . Future studies need to investigate the interaction of diet with IBD genetic predisposition, as well as with microbiome interactions, that could better close in on the pathologic underpinnings of IBD in Hispanics.
Most Hispanics in our study, including IBD and controls, were classified as bicultural. The two groups reported similar levels of liking and knowing how to prepare American foods. We also observed similar levels in Hispanic dietary preferences and in other US and Hispanic cultural behaviors across groups, including language and social components. Therefore, these findings indicate that Hispanic immigrants with IBD and their non IBD counterparts share similar cultural dietary preferences that suggest a blend of Hispanic and American practices. Although we did not find that US and Hispanic dietary preferences differed between IBD and controls in Hispanics, we did find that, in general, Hispanic immigrants adopt American practices, which have been associated with development of various diseases in prior studies [18] [19] [20] . For instance, in the Third National Health and Nutrition Examination Survey (NHANES III), Mexicans were more likely to adhere to dietary guidelines if they were born in Mexico than in the USA [19] . Recent reviews also indicate that Hispanic immigrants arrive in the USA practicing healthier behaviors than White Americans-but as they adopt American behaviors, they experience a high burden of poor health outcomes such as type 2 diabetes [19, 20] . Evidence is also mounting that second-generation Hispanics' diets are less healthy compared to those of foreignborn Hispanics-such that second-generation Hispanics live approximately 2.9 years less than Hispanic immigrants [21] .
In our study, we found that both IBD and controls scored within the "needs improvement" range in their overall HEI diet assessment and are not in adherence to recommended dietary guidelines. Interestingly, both groups scored below recommended standards but for differing reasons. IBD patients had lower than recommended intake across several food groups, including vegetable and fruit intake, perhaps as a result of GI symptoms brought on with food items high in fiber. In turn, IBD patients replaced high-fiber foods with foods high in salt and refined grains. Control participants ate less than optimally because of lower adherence to recommended intake of vegetables, sea, and plant protein, as well as greater consumption of "empty calories," which included greater intake of alcohol and of foods with added sugars and solid fats. The dietary patterns among controls may be explained by greater adherence to an "American diet" characterized by higher intake of fats and added sugars, coupled with low intake of fruits and vegetables. The patterns among control participants are likely a result of symptom-based elimination diets. In a prior survey study, 71% of IBD patients believe their diet affects their symptoms [22] , and as high as 90% of Crohn's disease patients utilize elimination diets to minimize their symptoms [23] . Unfortunately, dietary modification based solely on symptom control can lead to avoiding nutritionally important foods and increased risk for nutritional deficiencies [24] . Our results highlight the importance of emphasizing healthy dietary practices among IBD patients, which can in turn also influence the course of ongoing disease progression [25] .
The present findings should be interpreted in light of some important limitations. Although we conducted a cross-sectional study evaluating current dietary intake, our sample size was small. However, our study is a firstpass examination, and our findings suggest some clinically significant differences in diet quality. Our IBD patients and controls were similar in terms of proportions of countries represented, age at immigration, and gender-all factors that can influence diet and acculturation. Therefore, differences observed between IBD patients and controls were not likely a result of differences in these variables. Additionally, nutritional intake may be influenced by disease activity in our IBD patients. IBD patients may choose to avoid "trigger" foods that can worsen their symptoms and so this may alter their daily consumption [24] . To minimize the chances that diet intake was influenced by current disease activity, we chose IBD patients without a prior surgical history, and who reported minimal active GI symptoms or a change in diet in the last week.
Our results underscore the importance of cultural behaviors and highlights how behaviors and cultural beliefs can change as a result of immigration and duration in the US. Findings also indicate that most Hispanics change their diet upon arrival to the USA and that their diet is poor regardless of disease status. Further studies are needed to validate these findings and to identify the role that diet plays when in the presence of other risk factors, including IBD genetic predisposition. We hope that the present work inspires additional research examining links between acculturation and diet among individuals with various health conditions.
